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Summary
Background Health-care workers are thought to be highly exposed to severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection. We aimed to investigate the prevalence of antibodies against SARS-CoV-2 in health-care 
workers and the proportion of seroconverted health-care workers with previous symptoms of COVID-19.

Methods In this observational cohort study, screening was offered to health-care workers in the Capital Region of 
Denmark, including medical, nursing, and other students who were associated with hospitals in the region. Screening 
included point-of-care tests for IgM and IgG antibodies against SARS-CoV-2. Test results and participant characteristics 
were recorded. Results were compared with findings in blood donors in the Capital Region in the study period.

Findings Between April 15 and April 23, 2020, we screened 29 295 health-care workers, of whom 28 792 (98·28%) 
provided their test results. We identified 1163 (4·04% [95% CI 3·82–4·27]) seropositive health-care workers. 
Seroprevalence was higher in health-care workers than in blood donors (142 [3·04%] of 4672; risk ratio [RR] 1·33 
[95% CI 1·12–1·58]; p<0·001). Seroprevalence was higher in male health-care workers (331 [5·45%] of 6077) than in 
female health-care workers (832 [3·66%] of 22 715; RR 1·49 [1·31–1·68]; p<0·001). Frontline health-care workers 
working in hospitals had a significantly higher seroprevalence (779 [4·55%] of 16 356) than health-care workers in 
other settings (384 [3·29%] of 11 657; RR 1·38 [1·22–1·56]; p<0·001). Health-care workers working on dedicated 
COVID-19 wards (95 [7·19%] of 1321) had a significantly higher seroprevalence than other frontline health-care 
workers working in hospitals (696 [4·35%] of 15 983; RR 1·65 [1·34–2·03]; p<0·001). 622 [53·5%] of 1163 seropositive 
participants reported symptoms attributable to SARS-CoV-2. Loss of taste or smell was the symptom that was most 
strongly associated with seropositivity (377 [32·39%] of 1164 participants with this symptom were seropositive vs 
786 [2·84%] of 27 628 without this symptom; RR 11·38 [10·22–12·68]). The study is registered at ClinicalTrials.gov,  
NCT04346186.

Interpretation The prevalence of health-care workers with antibodies against SARS-CoV-2 was low but higher than in 
blood donors. The risk of SARS-CoV-2 infection in health-care workers was related to exposure to infected patients. 
More than half of seropositive health-care workers reported symptoms attributable to COVID-19.

Funding Lundbeck Foundation.
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Introduction
COVID-19, caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), has evolved into a pandemic 
with almost 14 million confirmed cases and almost 
600 000 deaths.1 One key question is that of the risk of 
COVID-19 among health-care workers. 9% of all 
individuals who tested positive for SARS-CoV-2 by PCR in 
Italy and 26% in Spain, where transmission of SARS-CoV-2 
has been intense, were health-care workers.2–4

Italy and Spain were among the first and most severely 
hit European countries by COVID-19 with no or limited 
time to prepare the health-care sector and take precautions 
to reduce the spread of the infection to health-care workers. 
The number of infected health-care workers might 
be lower in countries with more time for preparation, 
sufficient access to protective equipment, and less dramatic 

development of the epidemic—ie, in Denmark the 
accumulated mortality per million inhabitants is 75, 
compared with 452 in Italy.

In patients who survive COVID-19, a certain degree of 
immunity against SARS-CoV-2 is expected.5,6 Unless an 
effective vaccine is developed in the near future the 
pandemic is likely to continue until herd immunity is 
reached or the disease has been eliminated. The exact 
proportion of the population that needs to develop 
immunity against SARS-CoV-2 to ensure herd immunity 
is unknown but is suggested to be between 60% and 
80%.7,8 Up to four-fifths of SARS-CoV-2-infected individuals 
are asymptomatic.9 Therefore, knowing the rates of 
seropositivity in the community is important.

Systematic screening for antibodies that are developed 
against SARS-CoV-2 (seroprevalence) is a crucial tool for 
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surveillance of the pandemic and to predict when herd 
immunity might be reached. Health-care workers are 
expected to be one of the groups that are most exposed to 
SARS-CoV-2 infection, and surveillance of the proportion 
of seropositive health-care workers is an important 
indicator of the spread of SARS-CoV-2.

We aimed to investigate the seroprevalence in health-
care workers, compared with that of the general popu
lation, as well as between subgroups of health-care 
workers.

Methods
Study design and participants
In this observational cohort study, a screening group 
consisting of senior consultants and professors, who were 
employed in the Capital Region of Denmark, initiated, 
led, organised, and ran a screening programme for anti
bodies against SARS-CoV-2.

All somatic, psychiatric, prehospital staff, and staff at 
specialised health-care institutions employed in the 
Capital Region of Denmark (1·84 million inhabitants) 
who considered themselves to have any contact with 
patients in relation to their work were invited to parti
cipate in this study. Voluntary screening was supported 
by the administrative and political systems in the region. 
Invitations for screening were posted on all internal 
hospital websites and sent out individually to all 
employees through the Danish governmental, personal, 
password-protected, email system (e-Boks). Medical 
students, nursing students, and all other students 
associated with the hospitals in the region were also 
invited to participate. Screening took place April 15–17, 
and April 20–22, 2020. Frontline in-hospital health-care 

workers were defined as doctors, nurses, assistant 
nurses, and medical and nursing students.

This study was registered with the Danish Data 
Protection Authorities (P-2020-361). This study was 
presented to the regional scientific ethics committee of 
the Capital Region, who concluded that the study did not 
require a scientific ethical approval (Jnr-H-20026288).

Procedures
Each clinical department was asked to establish a dedicated 
station where staff could have a blood sample taken at their 
own department for the lateral flow assay for IgM and IgG. 
A contact person was appointed at each department for 
local organisation. Sampling tubes, lateral flow assays, 
syringes, disinfection swabs and tourniquets, etc, were 
delivered by the screening group. Additionally, a temporary 
blood sampling clinic was established at each hospital.

SARS-CoV-2 IgG and IgM antibodies were tested in 
whole blood by a point-of-care test according to the 
manufacturer’s recommendations (Livzon Diagnostics, 
Zhuhai, Guangdong, China). From a butterfly needle, one 
drop of blood followed by two drops of buffer (isotonic 
saline) were added to the test chamber in each of the 
two tests (IgM and IgG). The test results were read after 
15 min. When no control line appeared or if the reading 
chamber was discoloured by blood the test was repeated. 
Test results were binary and read by the individual parti
cipant, assisted by local staff if needed. Instructions on 
how to read the results were posted online, in a 
video instruction, and sent by email to all participants. 
Inconclusive test results were treated as negative unless 
otherwise stated. Participants were categorised as sero
positive if they had developed IgM or IgG, or both.

Research in context

Evidence before this study
We searched PubMed for articles published from Jan 1 
to May 5, 2020, for articles on screening and severe acute 
respiratory coronavirus 2 (SARS-CoV-2) in health-care workers. 
No language restrictions were applied. Search terms were 
(“SARS-CoV-2” OR “COVID-19”) AND (“healthcare personnel” 
OR “health*care workers” OR “healthcare workers” OR “doctors” 
OR “nurses”) AND (“screening” OR “test”). We identified three 
studies investigating the prevalence of SARS-CoV-2, 
which found that 11–18% of health-care workers were 
SARS-CoV-2-positive by PCR of pharyngeal swabs.

Added value of this study
This study is one of the first to screen for the seroprevalence of 
IgM and IgG antibodies against SARS-CoV-2. Furthermore, this 
is one of the largest screening studies done among health-care 
workers in relation to SARS-CoV-2. Health-care workers had an 
increased rate of seropositivity compared with Danish blood 
donors, who served as a proxy for the general population. 
Increased exposure to patients with COVID-19 was related to 

higher rates of seropositivity, as was increased patient contact 
in general. Younger health-care workers and men also had 
significantly higher levels of seropositivity than older 
health-care workers and women. The symptom that was 
most related to prevalence of seroconversion was loss of smell 
or taste. Just over half of seropositive participants reported 
symptoms that were attributable to COVID-19 and a fifth 
reported no symptoms at all.

Implications of all the available evidence
COVID-19 could be a work-related illness in health-care 
workers. In many European countries, men have been reported 
to be over-represented among COVID-19 cases. Our results 
cannot explain the high number of male fatalities but a 
higher rate of transmission in men is likely to be part of the 
explanation. Previously, loss of taste and smell has been found 
to be related to COVID-19, which was reiterated in this study. 
Our findings emphasise that the increased concern and risk of 
SARS-CoV-2 among health-care workers should be addressed in 
health-care policy making.
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The manufacturer reported a sensitivity of 90·6% and 
a specificity of 99·2% for the point-of-care test combined. 
We internally validated the test, using 651 plasma 
samples from blood donors giving blood in the winter 
seasons before November, 2019 (three [<1%] reactive of 
651 samples, one [<1%] inconclusive). Specificity was 
estimated to be 99·5% [95% CI 98·7–99·9]. Samples 
from 155 patients with previous documented SARS-CoV-2 
(confirmed by PCR) were tested; 128 were reactive. 
Sensitivity was thus estimated to be 82·5% (75·3–88·4; 
appendix pp 18–22).

Participants were also asked to complete a survey. 
Participants accessed the survey through a link sent to 
their e-Boks or via a QR code at the blood sampling 
clinics. Participants completed the survey using a smart
phone or computer. In the survey, participants were 
asked to give information about demographics, type of 
work, history of contact with patients with diagnosed 
COVID-19, and symptoms of infection (appendix 
pp 23, 24). Study data were collected and managed using 
Research Electronic Data Capture, a web-based, electronic 
data capture tool that is secure, hosted at the Capital 
Regions server.10,11 Participation in the survey was 
voluntary and antibody screening was also provided to 
staff who did not wish to participate in the survey.

For comparative purposes, SARS-CoV-2 screening 
results from blood donors in the same period and same 
region were anonymously extracted from the Danish 
blood bank production system. Blood donors were 
screened with the same Livzon point-of-care test. This 
group was used as a proxy for the general population, 
aged 18–64 (the age range of blood donors).

Statistical analysis
The primary outcome was the proportion of the study 
population with a positive antibody test for SARS-CoV-2. 
Calculations were done using R (version 6.3.1; 
appendix pp 6–11. All results were presented as crude 
percentages. Possible associations between exposures 
and the primary outcome were explored by risk ratios 
(RRs). RRs were calculated as the probability of the 
outcome in the exposed group compared with that in the 
unexposed group. RRs were presented with 95% CIs, 
calculated using the normal approximation (Wald) and 
the significance (Fisher’s exact test) as implemented in 
the R package epitools. A p value of less than 0·05 was 
considered significant. As a sensitivity analysis we 
adjusted the apparent (crude) prevalence in our cohort for 
the sensitivity and specificity of the point-of-care test to 
estimate the true prevalence in our cohort. We used the 
method suggested by Rogan and Gladen12 to calculate the 
true prevalence and 95% CI adjusted for the sensitivity 
and specificity of a test. The adjusted calculations were 
done using the epiR package (appendix pp 10, 11). To 
estimate the prevalence of patients with SARS-CoV-2 
antibodies without symptoms of COVID-19, we calculated 
the probability of having symptoms of COVID-19, 

adjusted for the probability of seronegative participants 
having symptoms (appendix pp 10, 11, 15, 16). This study 
is registered at CinicalTrials.gov, NCT04346186.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between April 15 and April 23, 2020, 29 884 health-care 
workers were invited to take part in the study. 29 117 (97%) 
participants were included, of which 28 792 (98%) 
provided SARS-CoV-2 antibody results (appendix p 44). 
The mean age was 44·4 years (SD 12·6) years. 
22 715 (78·9%) participants were female and 6077 (21·1%) 
were male (table 1; appendix p 25). Baseline characteristics 
for participants who completed the questionnaire from 
home (n=227; 0·78%) and could not do the point-of-care 
test or did not provide the point-of-care test results (n=98; 
0·33%) are given in the appendix (p 26).

1163 had positive IgM or IgG, or both, antibodies 
corresponding to a seroprevalence of 4·04% (95% CI 
3·82–4·27). Of these, 808 (2·81% [2·62–3·00]) had 
developed IgM and 768 (2·67% [2·49–2·86]) had 
developed IgG antibodies. 413 (1·43%) seropositive 
health-care workers had developed both IgG and IgM 
antibodies (1·43% [1·30–1·58]; appendix p 45).

4672 blood donors were tested during the same 
period as that of the screening of health-care workers. 
In the group of blood donors, 2502 (53·55%) were 
female, 2150 (46·45%) were male, and the mean age was 
40·7 (SD 13·4 years. In this group the seroprevalence was 
3·04% (95% CI 2·58–3·57; n=142) for IgG or IgM, 
1·84% (1·49–2·27; n=86) for IgM only, and 1·97% 
(1·61–2·41; n=92) for IgG only. The seroprevalence was 
significantly higher in health-care worker compared with 
the blood donors (RR 1·33 [95% CI 1·12–1·58]; p=0·0008).

Table 2 shows the frequency of seropositivity for diffe
rent job categories. The highest seroprevalence was 
seen in medical students and the lowest seroprevalence 

See Online for appendix

Seronegative 
(n=27 629)

IgG or IgM 
positive (n=1163)

Age, years 44·5 (12·5) 43·3 (13·5)

Sex

Female 21 883 (79·2%) 832 (71·5%)

Male 5746 (20·8%) 331 (28·5%)

Body-mass index 25·06 (4·69) 24·83 (4·17)

Any symptom of COVID-19 14 587 (52·8%) 908 (78·1%)

Diagnosed COVID-19 129 (0·5%) 231 (19·9%)

Data are n (%) or mean (SD).

Table 1: Baseline characteristics
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was observed among laboratory personnel (table 2). 
Frontline health-care workers working in hospitals 
(n=17 135 [4·55%]) had a significantly higher sero
prevalence compared with the remaining health-care 
workers (n=11 657 [3·29%]; RR 1·38 [95% CI 1·22–1·56]; 
p<0·001; appendix p 27). 1321 (4·59%) participants 
reported working at a dedicated COVID-19 ward. We 
found a significantly increased seroprevalence in this 
group (n=95 [7·19%]) compared with other frontline in-
hospital health-care workers (696 [4·35%] of 15 983; 
RR 1·65 [95% CI 1·34–2·03]; p<0·001; appendix p 28). 

Seroprevalences in blood donors, health-care worker, 
frontline health-care workers, and health-care workers 
working at dedicated COVID-19 wards are presented 
in figure 1. Figure 2 shows the seroprevalence among 
doctors, nurses, and assisting nurses stratified by 
specialty (appendix p 29). Seroprevalences stratified 
according to hospital, somatic versus psychiatric 
hospitals, exposure to patients and other people, and 
regular versus no patient contact are given in the 
appendix (pp 31–34). We found a small but significant 
increase in the seroprevalence among health-care workers 
who reported regular patient contact (n=18 484) compared 
to those who reported no patient contact (n=4363) 
(4·26% vs 3·48%; RR 1·22 [95% CI 1·03–1·45]; p=0·02). 
This finding was only significant when considering both 
IgM and IgG antibodies. When examining whether 
seropositivity among health-care workers was correlated 
with the percentage of SARS-CoV-2-positive patients 
admitted at individual hospitals we found a significant 
Pearson’s correlation coefficient of 0·85 (95% CI 
0·13–0·98; p=0·03; appendix pp 17, 35, 46).

Seroprevalence was significantly higher in male 
(n=331 [5·45%]) participants compared with female 
(n=832 [3·66%]) participants (RR 1·49 [95% CI 
1·31–1·68]; p<0·001). Seropositivity stratified by sex for 
each of the antibodies are presented in the 
appendix (pp 36, 48). We found an association between 
age and seroprevalence, with participants younger than 
30 years (n=4760 [5·29%]) having the highest sero
prevalence compared with participants aged 30 years or 
older (n=24 032 [3·79%]; RR 1·40 [95% CI 1·22–1·60]; 
p<0·001; appendix p 48).

Seroprevalence stratified according to the presence of 
other diseases, smoking, and alcohol consumption are 
presented in the appendix (p 37). No major differences 
were found between the overall frequencies or between 
groups, except an increased seroprevalence in health-
care workers with kidney disease; however, the sample 
size (n=69) was small.

908 (78·1%) of 1163 seropositive participants and 
14 587 (52·8%) of 27 629 seronegative participants 
reported at least one COVID-19-associated symptom 
within 6 weeks before testing. From this finding and the 
assumption that the rate of COVID-19-like symptoms 
that were not attributable to COVID-19 were the same for 
COVID-19 patients, we estimated the proportion of 
patients with SARS-CoV-2 infection with no symptoms 
caused by the infection to be 541 (46·5%) of 1163 
(appendix pp 15–16).

Having any symptom of COVID-19 (n=15 495) was 
associated with a significantly increased seroprevalence 
of IgG or IgM antibodies compared with asymptomatic 
health-care workers (908 [5·86%] of 15 496 vs 255 [1·92%] 
of 13 297; RR 3·05 [95% CI 2·66–3·50]; p<0·001). Loss of 
taste or smell (n=1164) was the symptom that was most 
strongly associated with being seropositive (32·39% vs 
2·84%; RR 11·38 [10·22–12·68]). Fever (n=3203) was also 

Participants IgM IgG IgM and IgG IgM or IgG

Physicians 4698 137 (2·92%) 112 (2·38%) 58 (1·23%) 191 (4·07%)

Nurses 9963 283 (2·84%) 265 (2·66%) 146 (1·47%) 402 (4·03%)

Assisting nurses 1786 66 (3·70%) 45 (2·52%) 28 (1·57%) 83 (4·65%)

Midwives 501 9 (1·80%) 6 (1·20%) 4 (0·80%) 11 (2·20%)

Radiographers 342 9 (2·63%) 9 (2·63%) 6 (1·75%) 12 (3·51%)

Laboratory personnel 1292 18 (1·39%) 15 (1·16%) 8 (0·62%) 25 (1·93%)

Medical students 688 41 (5·96%) 94 (13·66%) 32 (4·65%) 103 (14·97%)

Paramedics 323 7 (2·17%) 12 (3·72%) 3 (0·93%) 16 (4·95%)

Administrative staff 2631 51 (1·94%) 47 (1·79%) 27 (1·03%) 71 (2·70%)

Other 6568 187 (2·79%) 163 (2·72%) 101 (1·40%) 249 (4·11%)

All 28 792 808 (2·81%) 768 (2·67%) 413 (1·43%) 1163 (4·04%)

Data are n or n (%).

Table 2: Frequencies of positive antibody tests stratified according to categories of professions

Figure 1: Seroprevalence according to job assignment compared with 
blood donors
Purple indicates blood donors serving as a proxy for the general population 
(n=4672). Blue indicates health-care workers not working on dedicated 
COVID-19 wards or frontline (n=11 488). Red indicates frontline health-care 
workers not working on dedicated COVID-19 wards (n=15 983). Green indicates 
health-care workers working on dedicated COVID-19 wards (n=1321). NS=not 
significant.
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strongly associated with seropositivity (15·0% vs 2·67%; 
RR 5·61 [5·03–6·27]). Participants reporting at least 
three symptoms (n=9797 [34%]) also had a significantly 
increased risk of being seropositive (7·41% vs 2·23%; 
RR 3·24 [2·88–3·64]). Table 3 shows a comparison of the 
seroprevalence of participants with any symptom, fever, 
loss of smell or taste, or at least three symptoms during 
the 6-week period (appendix pp 38–42). Results of the 
development of antibodies according to symptom onset 
are given in the appendix (p 49); over time, a decline in 
IgM seroconversion and a rise in IgG seroconversion 
were noted. Of the participants who had symptoms, 
9517 (61·79%) reported being on sick leave due 
to symptoms. Staying at home with symptoms was 
strongly associated with seropositivity (RR 2·96 [95% CI 
2·58–3·38]; p<0·0001).

4260 (14·5%) participants reported to have had a 
pharyngeal swab test because of suspicion of COVID-19. 
The results of antibody tests stratified by self-reported 
result of previous PCR by pharyngeal swab tests are given 
in the appendix (p 43). The prevalence of IgG and IgM 
antibodies were high among patients who had received a 
swab test regardless of the results of the swab. In patients 
with a PCR-positive SARS-CoV-2 test, 231 (64·17%) of 
360 had a positive test for IgG or IgM antibodies. Details 
of health-care workers who were previously positive for 
SARS-CoV-2 by PCR, differentiated by time from 
specimen extracted to antibody testing, are given in the 
appendix (p 50).

We adjusted for the test characteristics of the point-of-
care test results. The seroprevalence was estimated to be 
2·86% (95% CI 2·63–3·10) for IgM antibodies, 
2·69% (2·47–2·92) for IgG, and 4·36% (4·09–4·65) 
for IgG or IgM. To adjust for possible selection bias, we 
added the participants who were at home because of 
illness or reported no serology but reported that they had 
tested positive for COVID-19 on pharyngeal swab (n=73) 
to our adjusted estimates on seropositivity. This addition 
resulted in a seroprevalence of 3·13% (2·89–3·37) for 
IgM antibodies, 2·96% (2·73–3·20) for IgG, and 4·61% 
(4·34–4·90) for IgG or IgM.

Discussion
We found that the prevalence of seropositivity was 
significantly higher in health-care workers (although 
the difference was numerically small) than in blood 
donors who served as a proxy for the general population. 
The seroprevalence was significantly higher in frontline 
health-care workers working in hospitals compared 
with in other health-care workers, and health-care 
worker workings on dedicated COVID-19 wards had a 
significantly higher seroprevalence compared with other 
frontline health-care workers. We also found that the 
seroprevalence was significantly higher in men than 
in women, just over half of seropositive participants 
reported symptoms that were attributable to COVID-19, 
and a fifth reported no symptoms at all. Moreover, loss of 

taste or smell was the symptom most strongly associated 
with seropositivity.

In the COVID-19 pandemic, the provision of adequate 
health care to patients is fundamental to keep mortality 
low. The provision of state-of-the-art health care is highly 
reliant on professional staff that feel safe and well protected. 
Further, the importance of knowledge on susceptibility for 
transmission has been highlighted by WHO and in another 
study.13,14 The first case of transmission in a Danish resident 
was discovered on Feb 27, 2020.15 2 weeks later the Danish 
authorities had closed large parts of society as part of a 
mitigation strategy because containment had failed in 
Denmark (appendix p 12). Testing in this study commenced 
in the 7th week after the first case of SARS-CoV-2 was 
detected in Denmark.

To our knowledge no other studies have offered 
systematic screening for antibodies against SARS-CoV-2 

Figure 2: Seroprevalence stratified according to specialty for doctors, nurses, and assisting nurses
Figure shows specialties with at least 100 participants.
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Specialty

IgM or IgG 
antibodies

No antibodies p value

Any symptom 908 (5·86%) 14 587 (94·14%) <0·0001

Fever 480 (14·99%) 2723 (85·01%) <0·0001

Loss of smell or taste 377 (32·39%) 787 (67·61%) <0·0001

≥3 symptoms 727 (7·39%) 9113 (92·61%) <0·0001

Data are n (%), unless otherwise indicated. p values were calculated using Fisher’s 
exact test, comparing seropositivity with the factors listed.

Table 3: Frequencies of positive antibody tests stratified according to 
symptoms of COVID-19
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in health-care workers and no prior screening has been 
done in a population of this size. PCR-based identification 
of viral RNA in pharyngeal swabs has been used for 
screening in other cohorts.16–18 Previous studies (n=803, 
n=1533, and n=1654) on screening of symptomatic 
health-care workers found 11–18% to be SARS-CoV-2 
positive.16–18 A screening study19 of asymptomatic health-
care workers (n=1032) found 3% to be positive by PCR of 
pharyngeal swab specimen. One study18 speculated that 
frontline health-care workers would be more prone to 
viral transmission, but the study neither had enough 
power nor appropriate information on work assignment 
to answer this question. Health-care workers are not only 
expected to be exposed to SARS-CoV-2-infected patients 
in dedicated COVID-19 facilities but also patients with 
SARS-CoV-2 infection who are admitted for other 
reasons. Thus, a study screening for SARS-CoV-2 in 
215 women admitted to give birth showed 33 (15%) to be 
positive and another screening of 80 residents in aged-
care facilities showed 3 (4%) to be positive.20,21 Our study 
clearly showed an increased risk of SARS-CoV-2 infection 
in health-care workers that was related to exposure to 
infected patients.

Immunity against COVID-19 was explored in a Chinese 
study in which all patients with COVID-19 had developed 
IgG antibodies against SARS-CoV-2 within 19 days after 
symptom onset.5 A study6 of 600 SARS-CoV-2-positive 
patients verified by PCR found 99% of the patients to 
have seroconverted within 50 days. Immunological 
status will be an important factor in risk stratification of 
exposed individuals and individuals at high risk of 
morbidity and mortality following COVID-19. In this 
study participants were categorised as seropositive if they 
had developed IgM or IgG antibodies. Because specificity 
is high for IgG and IgM combined but sensitivity is 
moderate, we found the combination to reflect the actual 
seroconversion rate best. Also, because testing was done 
at an early stage of the epidemic in Denmark, many 
participants who are IgM positive might develop IgG 
antibodies later. A complete seroconversion requires IgG 
antibodies against the virus, which we also reported.

The study of 215 pregnant women screened by PCR 
found 29 (88%) of 33 SARS-CoV-2-positive women were 
asymptomatic.20 Another study of mostly male homeless 
people found 129 (88%) of 147 people who tested positive 
by PCR to be asymptomatic.22 By contrast with these 
studies, we found that more than half of seropositive 
health-care workers reported symptoms attributable to 
COVID-19.

Among the different job categories, seroprevalence was 
highest among medical students. In the early days of 
transmission in Denmark a hotspot was found at a social 
gathering at a Copenhagen University club for medical 
students, which might explain the observed high rate of 
seroconversion in medical students.23 According to the 
European Centre for Disease Prevention and Control, 
critical illness due to COVID-19 is seen more frequently in 

men compared with women by a ratio of 2·7.24 In Denmark, 
57% of SARS-CoV-2-positive individuals are female.25 We 
found that seroconversion was significantly more frequent 
in male health-care workers compared with female. This 
finding might indicate that the higher frequency of critical 
illness due to COVID-19 in men might to some extent 
reflect a higher proportion of infected men, and not only a 
higher susceptibility to SARS-CoV-2 in men. The report on 
surveillance for SARS-COV-2 does not include information 
on percentages of total sex-specific testing done. The 
sex-related difference in seroprevalence might be due to 
unknown underlying patterns of transmission or to 
different behaviour—eg, women might follow recom
mendations more carefully. The difference might also be 
of a biological origin if differences in immunological 
response or severity of disease between sexes exist. More 
research is needed to answer these questions.

Strengths of this study include the largest scope of 
screening against previous SARS-CoV-2 infection to date. 
The study had high participation and a high percentage 
of health-care workers submitted the questionnaire, 
which was web-based and easily accessible. By contrast 
with previous studies on screening, participants were not 
selected for screening on the basis of the presence of 
symptoms; all health-care workers were offered to be 
tested. Limitations include the fact that most health-care 
workers had to fill in the questionnaire and report the 
result of the lateral flow assay by themselves.

The reduced sensitivity the point-of-care test might 
relate to low seroconversion or to the performance of the 
point-of-care test. Thus, testing of PCR-verified patients 
in our internal validation might be biased because these 
patients might not have developed a humoral response 
yet, which would result in an expected lower sensitivity 
and therefore we expect sensitivity related to the 
performance of the point-of-care test to be higher than 
the observed 82·5%. This sensitivity is similar to the 
manufacturer-reported 90·6% sensitivity. The severity of 
symptoms could have been a confounder because we had 
little data about the severity of symptoms among 
participants.

The prevalence of COVID-19 is low in Denmark, in 
accordance with the findings of this study. The point-of-
care test will underestimate the seroprevalence but when 
adjusting for test characteristics including sensitivity, the 
result of the sensitivity analysis did not differ significantly. 
For individual patient assessment the sensitivity of a 
proper laboratory-based test is expected to be superior. We 
do, however, find the point-of-care test suitable for scientific 
use. By comparison, pharyngeal swabs have an even lower 
sensitivity.26 RRs also would not be affected because 
sensitivity is expected to be balanced between groups. In 
our study we found the specificity and validation sufficient. 
A confirmation assay (eg, plaque reduction neutralisation 
test) was not feasible in a cohort of this size.

Reporting of symptoms was high because many 
reported a single symptom such as sneezing. Because 
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participants were not masked to test results when filling 
in the questionnaire, knowing the test result might have 
introduced bias of symptom reporting. Another potential 
bias could be that symptomatic and infected health-care 
workers stayed at home. We therefore allowed health-
care workers who were not able to come to the hospital 
during the screening to complete the questionnaire at 
home. Our experience is that the desire to be tested was 
very high. Still, healthy health-care workers were 
possibly less likely to be tested than those with symptoms 
of infection, which might introduce a bias. Transmission 
can emerge from patient to health-care worker 
interaction but also between health-care workers. We do 
not have the information to answer this important 
question, which prompts further research.

We used information on seropositivity from all voluntary 
blood donations in the same region as a control group for 
this study. In this context blood donors represented the 
general population of a similar age with the limitations 
that must be considered. Blood donors are healthy 
individuals screened for behavioural risks such as 
travelling abroad or having a fever. Seropositivity might be 
lower in this group compared with the general population.

In conclusion, we found an overall low seroprevalence 
of SARS-CoV-2 antibodies in health-care workers. Sero
prevalence was, however, higher than in blood donors. 
Frontline health-care workers working in hospitals and 
health-care workers working on a dedicated COVID-19 
ward had significantly higher seroprevalence rates than 
other health-care workers did. More than half of sero
positive health-care workers had symptoms attributable 
to SARS-CoV-2.
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